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SUMMARY 


An investigation has been made to determine the effects of frequency 
and amplitude on the yawing derivatives of triangular, swept, and unswept 
wings. Some data were also obtained for a triangular -wing — fuselage com- 
bination with and without a triangular tail performing sinusoidal yawing 
oscillations. The oscillation data were compared with data obtained from 
steady-state yawing tests and the results of the present investigation 
and those of a pure sideslip investigation are compared both individually 
and as an algebraic sum with the combination derivatives obtained from 
an investigation in which the oscillation was a combination of yawing 
and sideslipping. 

The results of the present investigation indicate that for the tri- 
angular wing, the 1+5° swept wing, and the wing-fuselage configuration, 
the oscillatory values of the damping- in-yaw derivative and the deriva- 
tive of rolling moment due to yawing increased with angle of attack; 
generally, at the high angles of attack the oscillatory values were con- 
siderably larger than the steady-state values, especially for low ampli- 
tudes and low frequencies of oscillation. For the unswept wing there 
was generally little difference between the steady- state values and the 
oscillatory values of the damping- in-yaw derivative and the derivative of 
rolling moment due to yawing in the low angle-of -attack range; at higher 
angles of attack, the steady- state values usually were greater than the 
oscillatory values. Although for the complete wing- fuselage-tail model 
the variation of the oscillatory damping- in-yaw derivatives with angle 
of attack was similar generally to the steady- state variation, some 
oscillatory values were obtained which were four to five times greater 
than the steady-state values throughout the angle -of- attack range. The 
effects of amplitude on the yawing derivatives, although small at low 
angles of attack, became greater at the higher angles of attack; and the 
greatest effects occurred at low values of amplitude and frequency. The 
algebraic summation of the component derivatives gave results which were, 
in general, in fair agreement with the derivatives obtained in the com- 
bined form. 
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INTRODUCTION 


Current airplanes of relatively high density have brought into 
consideration the importance of some factors associated with the dynamic 
stability of aircraft which heretofore were considered negligible. Among 
the factors are the effects of frequency and amplitude on stability 
derivatives and the possibility that acceleration derivatives may be of 
such magnitude as to be important for certain airplane configurations. 

Some data to help assess the importance of these factors have already 
been obtained experimentally by use of oscillation techniques from which 
combination derivatives were obtained and are presented, for example, in 
references 1 to 3* Some investigations using a somewhat more complicated 
technique have resulted in direct measurement of the sideslip-acceleration 
derivatives (ref. 4) and have also resulted in the evaluation of the deriv- 
atives associated with sideslip velocity during a sinusoidal sideslip 
oscillation. 

The investigation presented in reference 5 was made to determine 
the stability derivatives associated with yawing velocity and accelera- 
tion for one frequency and amplitude of oscillation. The present inves- 
tigation was undertaken to extend the results of reference 5 to other 
frequencies and amplitudes of oscillation. 

Oscillatory derivatives were obtained in the present investigation 
for triangular, swept, and unswept wings. In addition, some data were 
obtained for a triangular-wing — fuselage combination with and without 
a triangular tail. The oscillation data are compared with data 
obtained from steady-state yawing tests made in the 6- by 6-foot curved- 
flow test section of the Langley stability tunnel. In addition, the 
results of the present investigation and of additional tests similar 
to those presented in reference 4 are compared both individually and 
as an algebraic sum with the combination derivatives determined in 
reference 6. 


SYMBOLS 


The data presented are referred to the stability system of axes 
with the origin located at the quarter-chord of the wing mean aerody- 
namic chord. The positive directions of forces, moments, and angular 
displacements are shown in figure 1. The coefficients and symbols are 
defined as follows: 


Lift 

qS 


lift coefficient, 

rolling-moment coefficient, moment 

6 qSb 


yawing-moment coefficient, Yawing moment 

qSb 

rolling moment, ft- lb 
yawing moment, ft-lb 


wing span, ft 
wing chord, ft 


wing mean aerodynamic chord. 
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S 



ft 


frequency, cps 

model moment of inertia about Z-axis, slug-ft' 

p 

product of inertia, slug-ft 


distance between flywheel centers, ft 

length of H nk arm from model center of gravity to push-rod 
pivot point (see fig. 2) 

length of link arm from pivot point on flywheel to push-rod 
pivot point (see fig. 2), ft 

dynamic pressure, |pV 2 , lb/ sq ft 

angular velocity in yaw (r = i|r ) , radians/sec 

throw of flywheels of oscillating mechanism (see fig. 2), ft 

wing surface area, sq ft 
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time, sec 

free-stream velocity, ft/sec 

distance along Y-axis measured from wing plane of symmetry, ft 


distance between model mounting point and center of drive 
flywheel, ft 


angle of attack, deg 
angle of sideslip, radians 
maximum amplitude of sideslip, deg 
angle of yaw, radians 
maximum amplitude of yaw, deg 


reduced-frequency parameter. 


03b 

2V 


circular frequency, radians /sec 
mass density of air, slugs/cu ft 
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All the aforementioned derivatives are nondimensionalized in this 
paper (per radian). 
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The symbol a) following the subscript of a derivative denotes the 
oscillatory derivative. 


APPARATUS 


The tests of the present investigation were conducted in the 6- by 
6-foot test section of the Langley stability tunnel. The oscillation 
equipment was designed to generate an oscillatory motion in the XY-plane 
so that the airplane would always be heading into the relative wind or, 
more specifically, so that there would be no resultant lateral velocity 
component at the airplane center of gravity. The following sketch illus- 
trates the path and attitude of an airplane performing a pure sinusoidal 
yawing oscillation: 



The condition of no lateral resultant velocity at the assumed model 
center of gravity or mounting point is fulfilled when V sin \|r = y. 

For small angular motions of the model this condition can be written 
as V\|/ = y and was approximated in the present investigation by use 
of the apparatus shown schematically in figure 2. Photographs of 
the actual apparatus are given as figure 3- 

The main components of the apparatus used in the present investi- 
gation were also used in the investigation in reference 5- For the 
present tests the apparatus differed from that used in reference 5 in 
that provision was made so that the model could be pivoted in yaw with 
respect to the streamline tube. The resulting angle of yaw of the 
model was, therefore, different from that which would result if the 
model were rigidly attached to the streamline tube. The motion of the 
model with respect to the streamline tube could be regulated by means 
of the adjustable linkages shown in figures 2 and 3- The streamline 


NACA TN 4390 


7 


tube was supported on the ends by opposite rotating flywheels, which 
were driven by means of various shafts, gears, and a variable -frequency 
motor-generator set. The yaw angle of the model at any instant, if 
small angular motions of the model axe assumed, is given by 


* = 


(f - t ) sln 2 " ft 


The distance between the model mounting point and the center of the drive 
flywheel is y* = ^ cos \|r + R cos 2jrft. For small angular displacements 


of the model, 


y' = — + R cos 2rtft; hence, the velocity of the model 


toward the drive flywheel is y 1 = -2nfR sin 2jrft which for small angu- 
lar* motions can be taken to be the sideslip velocity y. For a pure 
yawing oscillation the relation between V and f is then 


or 


-2jtfR sin 2rtft 

(t " e") sln 2rtft 

2nfR 

' 2R ej_ 
l ~ e 



Therefore, for a given velocity and a given distance between flywheels, 
proper conditions for the required motion could be obtained at different 
frequencies by adjusting R, e', and e. 

The yawing and rolling moments acting on the models during the tests 
were measured by means of a strain-gage balance. The signals from the 
strain gage were passed into the instrumentation which permitted direct 
measurements of quantities proportional to the moments due to yawing 
velocity and acceleration. A description of the design and function of 
the instrumentation is given in the appendix of reference 5- 


MODEIS 


The wing models used in this investigation were those previously 
used in the investigations presented in references 4 and 5 and consisted 
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of a 60° triangular , a 45° sweptback, and an unswept wing. The swept 
and unswept wings had an aspect ratio of 4.0 and a taper ratio of 0.6. 
The aspect ratio of the triangular wing was 2.31. Each wing was con- 
structed from 3/4-inch plywood and had a flat-plate airfoil section 
with a circular leading edge and a beveled trailing edge. The trailing 
edges of all wings were beveled to provide a trailing-edge angle of 10° 
across the span. Sketches of the three wings and their geometric 
characteristics are presented in figure 4. 

The complete -model configuration used in the present tests was one 
used previously in the investigation presented in reference 7- The 
configuration consisted of a removable triangular wing with an aspect 
ratio of 2 . 31 , a fuselage with a fineness ratio of 9> and a triangular 
vertical tail with an aspect ratio of 2.18. The wing was a 60° trian- 
gular wing and had an NACA 65 AOO 3 profile in sections parallel to the 
plane of symmetry. The tail had 42.5 of sweep of the leading edge and 
had an NACA 65-006 profile in sections parallel to the fuselage center 
line. A sketch of the complete model is presented as figure 5> and its 
geometric characteristics are given in table I. Table II presents the 
coordinates of the fuselage. 

Before testing the models, each wing was lightened and statically 
balanced about the mounting point to reduce inertia effects insofar as 
possible. A fairing which was used for the wing-alone tests was made 
of balsa and served to streamline the protrusion of the strain-gage 
balance above the upper surface of the models at angles of attack. All 
openings in the canopies were sealed to prevent leakage of air through 
the model. 


TESTS AND CORRECTIONS 


All tests of this investigation were made in the 6- by 6-foot test 
section of the Langley stability tunnel. The oscillation tests were 
made at a dynamic pressure of 24.9 pounds per square foot. The reduced- 

frequency parameter 7 ^ of the tests varied from 0.04 to 0 . 20 , and the 
maximum amplitude of yaw \|r Q varied from ± 0 . 67 ° to ±6.11°. 

The Reynolds number of the tests, based on the wing mean aerodynamic 
chord, and the angle -of -attack range for each model were as follows: 
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Model 

Reynolds number, 
based on c 

Angle-of -attack 
range, deg 

60° triangular wing 

1,580,000 

0 to 52 

^5° sweptback wing 

696,000 

0 to 52 

Unswept wing 

696,000 

0 to l6 

Triangular - wing — f us e lage 



combination 

1,580,000 

0 to 52 

Triangular- wing — fuselage 



combination with triangular 



vertical tail 

1,580,000 

0 to 52 


No jet-boundary corrections were applied to the data nor were the 
effects of blockage, turbulence, or support interference taken into 
account although the support interference may be of sizeable magnitude 
at the higher angles of attack. 


REDUCTION OF OSCILLATION-TEST DATA 


The equations of motion for a model performing a forced sinusoidal 
yawing oscillation about the Z-axis and X-axis, respectively, are 


+ M z ^r + B sin 2«ft + C cos 2rtft = Irf 


and 

M^\|r + + D sin 2«ft + E cos 2jtft = -lygjf 

where B and D are the maximum in-phase yawing and rolling moments, 
respectively, and C and E axe the corresponding out-of -phase yawing 
and rolling moments supplied by the strain gage. The yaw angle for the 
present tests, if small yaw angles are assumed, is given by 

- -|-^sin 2nft 

By using the equations of motion and this relationship for the yaw angle, 
the subsequent expressions for the oscillatory derivatives are obtained 
by following the procedures outlined in reference 5? 
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ln r 





n 2 f 2 m - ~j pSb^ 


In the present tests the moments B, C, D, and E were determined 
from voltage measurements by the electronic equipment described in the 
appendix of reference 5. As shown in the appendix of reference 5, the 
instrumentation used in this investigation yielded readings on a 
voltmeter which were directly proportional to one-half of the yawing 
and rolling moments; hence, the aerodynamic moments B, C, D, and E 
could be obtained readily and the derivatives could be determined by 
use of the equations previously presented. 


In figures 6 and 7 are shown the lift data plotted against angle 
of attack for the three wings and wing-fuselage-tail combination, respec- 
tively. These data have been presented and discussed in references 4 
and 7, respectively, and are not discussed herein but are included 
primarily to relate the lift to angle of attack. 

The data measured during oscillation tests are presented in fig- 
ures 8 to 17. In figures 18 to 21 the wing-alone results of the present 
investigation are compared with data obtained from sideslipping tests 
similar to those presented in reference 4. In addition, the derivatives 
are compared as an algebraic sum with the combination derivatives deter- 
mined in reference 6. 


RESULTS AMD DISCUSSION 
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Damping in Yaw C 


Hr, CD 


Wings alone .- The variation of the damping-in-yaw characteristics 
with angle of attack for the wings alone is given in figures 8, 9, and 10 
for different amplitudes and different values of reduced-frequency param- 
eter For the 60° triangular wing (fig. 8) and for the 45° swept 


wing (fig. 9 ), the values of C. 


Ht,cd 


generally are small in the low 


angle-of-attack range but increase as the angle of attack is increased. 

This is especially true for the data obtained at — = 0.04. At the 

2V 

large angles of attack the oscillatory values of C n also are considei 

hr 

ably larger than the steady- state values of C which show a much 

smaller variation with angle of attack. The steady-state values of 
obtained from reference 7 a re shown by the dashed-line curve in 


'Hr 

each figure. 


For the unswept wing at the low values of amplitude and 


reduced- frequency parameter, the variation of C 


HTjO) 


with angle of 


attack is generally rather irregular (fig. 10 ); whereas for the large 
values of amplitude and reduced-frequency parameter the variation of 
CL with angle of attack is small. In fact, the variation of CL 

hr, cd n r,CD 

with angle of attack is smaller than the variation of the steady- state 
values, and at the high angles of attack the oscillatory values are 
positive or less negative than the steady-state values. 


Figures 11, 12, and 13 are presented in order to show more clearly 
the variation with amplitude of the values of CL for the three 

Hr, CD 

wings. For all three wings these figures show that at low angles of 


attack there is only a small effect of amplitude on C 


n- 


r,cD 


for all 


values of the reduced-frequency parameter shown. At the higher angles 


of attack the effect of amplitude on the values of C 


Hr, CD 


is larger, 


the largest changes occurring in the low-amplitude range and at the 
low values of the reduced-frequency parameter. 


'n. 


r,cD 


Wing-fuselage configuration . - The variation of the damping in yaw 
with angle of attack for the triangular-wing — fuselage configura- 


tion is shown in figure l4 for different amplitudes and different values 

of the reduced-frequency parameter. In general, the values of C n 

Xi r,CD 

become more negative (increased damping) with increase of angle of attack 
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for all test values of however, the increase with angle of attack 
is much less for the larger values of The steady-state values of 
Cj^ do not vary appreciably with angle of attack and axe much less 

negative at the high angles of attack than the oscillatory values, 
the closest agreement occurring at the higher values of 


The variations of the C n data with amplitude for the wing- 
er ,<x> 

fuselage configuration are shown in figure 15 for different values of 
Because of lack of sufficient data, the curves are faired only 

through the test points for ^ = 0.08. The effect of amplitude is 

generally small in the low angle -of -attack range but is much greater 
at the high angles of attack where the damping increases with amplitude. 
It should be pointed out, however, that the effects of amplitude on 
C nr ^ may be different for other frequencies of oscillation. 


Wing-fuselage-tail configuration .- For the complete wing-fuselage- 


tail configuration, the variation of C 




with angle of attack is 


shown in figure l6 for different frequencies and amplitudes of oscilla- 
tion. Also included in this figure is the variation with angle of attack 


of the steady-state values of C 


V 


In general, the oscillatory values 


of C T 


are considerably more negative than the steady-state values. 


With few exceptions the values of the oscillatory derivatives are at 
least twice the steady-state values and, in some cases, the oscillatory 
values are as much as four and five times as large as the steady-state 
values. The largest differences occur usually for low values of ampli- 
tude and frequency. 


As was the case for the wing-fuselage configuration, insufficient 
data were obtained to show the variation of ^ with amplitude for 

the range of frequencies in the investigation. Therefore, in figure 17 
a curve was faired only through the data obtained at ^ = 0.08. The 
faired data generally showed that ^ becomes less negative (reduced 

damping) with an increase in amplitude. The results at a higher value 
of ^ may be different but, as was mentioned before, not enough data 
were obtained to establish a definite trend. 
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Rolling Moment Due to Yawing C 7 

l 'r,(n 

Wings alone .- The variation of the rolling moment due to yawing 
with angle of attack of the wings alone is given in figures 8, 9, and 10 
for different amplitudes and different values of the reduced-frequency 

parameter — The values of C 7 increase rapidly with an increase 

in angle of attack for all three wings. The variation with angle of 
attack is generally nonlinear at low values of amplitude and low values 
of the reduced-frequency parameter but tends toward linearity at the 

higher values of amplitude and At high angles of attack the 

oscillatory values of are considerably greater than the steady- 

state values for both the trisingular and 45° swept wings regardless of 
frequency or amplitude; however, the difference between the steady-state 
values and the oscillatory values of is much less at the higher 

values of amplitude and frequency. For the unswept wing at the higher 
angles of attack, however, the steady-state values are greater than the 

oscillatory values of C 7 for the higher values of amplitude and 

b v 2V 

For low values of || at high angles of attack, values of C 7 are 

r,co 

obtained which, depending on the amplitude of oscillation, are sometimes 
greater and sometimes less than the steady-state values. 

The variation with amplitude of the rolling moment due to yawing 
of the three wings is shown in figures 11, 12, and 13. Generally, there 
is only a comparatively small effect of amplitude on C 7 at low 

b T,(X> 

angles of attack. The effects of amplitude are greater at the higher 
angles of attack, and generally greater changes in C 7 take place 

6 r,cu 

in the lower range of amplitudes. 


Wing-fuselage and wing-fuselage -tail configurations .- The variation 
of the derivative Cj with angle of attack for the triangular- wing- 

fuselage configuration with and without a tail (figs. l4 and 16, respec- 
tively) is very similar to that obtained with the triangular wing alone 

(fig. 8) since C 7 is mainly due to the wing. The relation between 
r,oo 

the steady-state values and the oscillatory values for the complete wing- 
fuselage-tail configuration and the wing-fuselage configuration is also 
similar to that obtained for the wing alone. 


For both the wing-fuselage and wing-fuselage-tail configurations 


there appears to be a decrease in C 


r,oo 


with an increase in amplitude 
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(figs. 15 and. 17 ), and the greatest changes appear to take place at the 
lower values of amplitude; as before it should be pointed out that insuf- 
ficient data have been obtained to make a general statement for all values 
of frequency. 


Acceleration Derivatives C„ and C?. 

“*,<0 r/o 

Wings alone.- The acceleration derivatives C„ and Ct 

^,03 Z f,co 

plotted against angle of attack for the three wings tested are presented 
in figures 8, 9, and 10 for different frequencies and amplitudes of 
oscillation. In general, the derivatives are significant only at the 
lower frequencies and amplitudes of oscillation. 

Wing-fuselage and wing-fuselage-tail configurations .- The variation 
with angle of attack of the acceleration derivatives for the wing-fuselage 
and wing-fuselage-tail configurations are shown in figures l4 and 16, 

respectively. In general, the values of C n tend to become more 

r , ,a> 

positive or less negative, and the values of C 7 . tend to become less 

t r,CD 

positive or more negative with an increase in angle of attack up to an 
angle of attack of about 16°. At higher angles of attack the variation 
appears to depend on amplitude and is rather irregular. At low angles 

of attack and low values of ^ the effect of amplitude on C„. is 

2V “r,^ 

much greater for the complete configuration than it is for the wing- 
fuselage configuration. 

In order to illustrate the variation of the acceleration derivatives 
with amplitude at several angles of attack, figures 15 and 17 were pre- 
pared which show more clearly the effect of amplitude mentioned. There 
is some scatter of the data points for the various frequencies from the 

curve faired for ^ = 0.08; however, there were not enough data points 

obtained at other values of ^ to establish definite amplitude effects 

at the other frequencies. 


Comparison of Yawing and Acceleration Derivatives With 
Combined Derivatives for Wings Alone 


For purposes of comparison with the measured combination derivatives, 


the derivatives C 


n } Co* , C 7 , and Cj 
Ii r,co I1 r,(Xi 4, r,a) 


measured in this 


r,u> 
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investigation at = 0.20 and amplitudes corresponding to ijr = ±1.91° 


and ±3.82 are combined with derivatives C 


'n. 


C7. 
erence 4 


and 


%,o/ 

measured in a series of unpublished tests similar to those in ref- 


The unpublished tests were forced-oscillation tests with ^ 


2V 


approximately equal to 0.22 and amplitudes of sideslip 0 Q equal to 

±2 and ±4 . These individual derivatives and their appropriate alge- 
braic summations are compared in figures 18 to 21 with the corresponding 

combination derivatives obtained in reference 6 for ^ approximately 

equal to 0.22 and at amplitudes of yaw i|r 0 equal to ±2° and ±4°. The 
agreement in the variation with angle of attack of the measured combined 
derivatives and those obtained by an algebraic summation of the individ- 
ual derivatives is considered very good, whereas the agreement in magni- 
tudes of the derivatives is considered fair. The comparison indicates 
also that for the combination derivatives (c 


- C 


|B,gd) 


( Cn r,co Cn (3,u>) 


and 


„ t 1 the acceleration terms contribute as much or more to the 

2? jCD p jCD / 

measured combination derivatives as the C n and C7 portions for 

Xi r,o) 

all three wings throughout the angle -of -attack range. Because of the 
fact that the acceleration terms C n . and C7. are multiplied by 

q 2T jCD 6 r,0) 


these terms contribute considerably less to the total derivative 


than do the other terms of the combined derivatives 


( c 


%o> 


+ k 2 C- 


■ )• 


(' 


'n 


l |3,a> 






and 


SUMMARY OF RESULTS 


Triangular, swept, and unswept wings were tested to determine the 
effects of frequency and amplitude on the yawing derivatives. A 
triangular -wing — fuselage combination with and without a triangular 
tail performing sinusoidal yawing oscillations was also included in the 
investigation. The results of the investigation are as follows: 

1. For the triangular wing, the 45° swept wing, and the wing-fuselage 
configuration, oscillatory values of the damping -in-yaw derivative and 
the derivative of rolling moment due to yawing increased with angle of 
attack; generally, at the high angles of attack the oscillatory values 
were considerably larger than the steady-state values. For the unswept 
wing there was generally little difference between the steady-state 
values and the oscillatory values of the damping— in— yaw derivative and 
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the derivative of rolling moment due to yawing in the low angle-of-attack 
range; at higher angles of attack, the steady-state values usually were 
greater than the oscillatory values. 

2. Although the variation of the damping- in-yaw derivative with 
angle of attack was similar generally to the steady-state variation, for 
the triangular-wing — fuselage combination with vertical tail, some oscil- 
latory values were obtained which were four to five times greater than 
the steady-state values throughout the angle-of-attack range. 

3 . The effects of amplitude on the yawing derivatives were small 
at low angles of attack for the wings alone. The effects of amplitude 
and frequency were greater at the higher angles of attack, and the largest 
effects occurred at low values of amplitude and frequency. 

k. The algebraic summation of the derivatives showed trends with 
angle of attack which were in very good agreement with the variation 
shown by the measured combined derivatives. The agreement in magnitudes 
of the derivatives was considered fair. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., April 28, 1958* 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF COMPLETE-MODEL CONFIGURATION 


Fuselage : 

Fineness ratio 9 

Maximum diameter, in 6.0 

Wing: 

Aspect ratio 2.31 

Leading-edge sweep angle, deg 60 

Dihedral angle, deg 0 

Twist, deg q 

NACA airfoil section parallel to plane of symmetry 65 AOO 3 

Area, sq in 576.7 

s Pan> in 36.50 

Mean aerodynamic chord, in 21.10 

Vertical tail: 

Aspect ratio 2.18 

Leading-edge sweep angle, deg 42.5 

NACA airfoil section parallel to fuselage center line „ . . 65 -OO 6 

Area for 12-inch span, sq in 66.0 

Tail length from center of gravity to 0.25 mean 

aerodynamic chord of tail, in 21.5 
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TABLE II.- FUSELAGE COORDINATES 



x, in. 

1 

0 

0 

• 324 

.01918 

.486 

.1296 

.810 

.2214 

1.620 

.432 

3.240 

.8316 

4.86 

1.1988 

6.48 

1.5556 

9.72 

2.0898 

12.96 

2.5218 

16.20 

2.808 

19.44 

2.970 

21.6 

3.0024 

22.68 

2.9916 

25.92 

2.9808 

29.16 

2.9214 

32. 4o 

2.8296 

35-64 

2.7216 

38.88 

2.5704 

42.12 

2.3922 

45.36 

2.1924 

48.60 

1.9494 

51.84 

1.6902 

54.0 

1.4904 
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Figure 1.- System of stability axes. Arrows indicate positive forces, 
moments, and angular displacements. Yaw reference is generally 
chosen to coincide with initial relative wind. 
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Detail A 


Direction 
of rotation 



Direction 
of rotation 


(a) Top view 


Push 



(b) Detail A 

Figure 2.- Schematic drawing of mechanism for simulating sinusoidal 

yawing oscillation. 


Support-strut p/vcD - Adjustable 

link arm e 



(a) Model support strut and complete -model configuration. L-9^582 

Figure J>.~ Apparatus used in obtaining sinusoidal yawing oscillation. 


NACA TN 14-390 



(b) Drive flywheel and linkages. 
Figure 3 .- Concluded. 
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NACA TN k 590 



Triangular wing 

Aspect ratio 2.31 

Leading-edge sweep angle, deg. . . ■ • 60 

Dihedral angle , deg. • • • O 

Twist , deg • • O 

Airfoil section Flat plate 

Area, sq. in. 561.20 

Span, m. • • 36.00 

Mean aerodynamic chord, m. 2079 



Swept w/ng 

Aspect ratio 4.0 

Taper ratio 0.6 

Quarter-chord sweep angle, deg. . 45 

Dihedral angle, deg. 0 

Twist, deg. O 

Airfoil section Flat plate 

Area, sq.m. 324 

Span, in. 36 

Mean aerodynamic chord, in . . .9.19 



Figure k.- Sketches and geometric characteristics of the three wing models 
investigated. All dimensions are in inches. 
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Figure 5*- Sketch of complete wing-fuselage-tail configuration. 

dimensions are in inches. 
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Figure 6.- Lift characteristics of wings used in investigation. 
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Figure 7 • - Lift characteristics of wing-fuselage-tail configuration used 
in investigation. Data are taken from reference 7- 
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(b) §| = 0.08. 


Figure 8.- Stability derivatives for the 60° triangular ving measured during oscillation. 
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Figure 8.- Concluded 




(a) 


05b 

2V 


0.04. 


(b) ^ = 0.08. 

2V 


Figure 9 .- Stability derivatives for the 45° swept wing measured during oscillation. 
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Figure 10.- Stability derivatives for the unswept wing measured during oscillation 
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Figure 11.- Effect of amplitude on stability derivatives of the 60° triangular wing measured 

during oscillation. 
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Figure 12.- Effect of amplitude on stability derivatives of the 45° swept wing measured during 

oscillation. 
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Figure 13.- Effect of amplitude on stability derivatives of the unswept wing measured during 

oscillation. 
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Figure l4.- Stability derivatives of the triangular-wing— fuselage configuration measured 

during oscillation. 
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Figure 15*- Effect of amplitude on stability derivatives of the triangular-wing — fuselage config- 
uration measured during oscillation. 
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Figure 16.- Stability derivatives of the wing-fuselage-tail configuration measured during 

oscillation. 
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Figure 17.- Effect of amplitude on stability derivatives of the triangular-wing— fuselage con- 
figuration with tail measured during oscillation. 
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Figure 19*- Comparison of the individual and combination derivatives making up the rolling moment 

due to yawing. 
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Figure 20.- Comparison of the individual and combination derivatives making up the effective 

dihedral . 
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Figure 21.- Comparison of the individual and combination derivatives making up the directional 

stability. 
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